SUPPLEMENTARY MATERIALS AND METHODS

Neurological screen
The righting, whisker touch, eye blink and ear twitch reflexes were evaluated in a neurological screen of Fez1 -/-mice. Various physical features, including the presence or absence of whiskers or bald patches, were also recorded.
Neuromuscular strength
Neuromuscular strength was tested with the grip strength test and wire hang test. A grip strength meter (O'Hara & Co., Tokyo, Japan) was used to assess forelimb grip strength. Mice were lifted and held by their tail so that their forepaws could grasp a vertical wire grid. They were then gently pulled backward by the tail with their posture parallel to the surface of the table until they released the grid. The peak force applied by the forelimbs of each mouse was recorded in newtons (N). Each mouse was tested three times, with the largest value measured being used for statistical analysis. In the wire hang test, the mouse was placed on a wire mesh that was then inverted and waved gently, so that the mouse gripped the wire. The latency to falling of the mouse was recorded with a cutoff time of 60 s.
Light-dark transition test
The light-dark transition test was performed as previously described (Takao and Miyakawa, 2006) . The apparatus consisted of a cage (21 by 42 by 25 cm) divided into two sections of equal size by a partition containing a door (O'Hara & Co.). One chamber was brightly illuminated (390 lux), whereas the other chamber was dark (2 lux). Mice were placed into the dark chamber and allowed to move freely between the two chambers with the door open for 10 min. The total number of transitions between the chambers, time spent in each, latency to entry into the light side for the first time, and distance traveled were recorded automatically. Total distance traveled (in centimeters), vertical activity (rearing measured by counting the number of photobeam interruptions), time spent in the center, beam-break counts for stereotyped behavior, and the number of fecal boli were recorded over 120 min.
Open field test
Elevated plus-maze test
The elevated plus-maze ( 
Hot plate test
The hot plate test was used to evaluate sensitivity to a painful stimulus. Mice were placed on a 55.0° ± 0.3°C hot plate (Columbus Instruments), and the latency to the first hind paw response (either a foot shake or paw lick) was recorded.
Social interaction test in a novel environment
Two mice of identical genotypes that were previously housed in different cages were placed together in a box (40 by 40 by 30 cm) and allowed to explore freely for 10 min. Social behavior was monitored by a CCD camera, which was connected to a Macintosh computer.
Analysis was performed automatically with Image SI software. The total duration of contacts, number of contacts, number of active contacts, mean duration per contact, and total distance traveled were measured. Images were captured at a rate of 1 frame per second, and the distance traveled between two successive frames was calculated for each mouse; if the two mice contacted each other and the distance traveled by either mouse was >5 cm, the behavior was considered an active contact.
Prepulse inhibition test
The 
Porsolt forced swim test
The apparatus consisted of four plastic cylinders (20 cm in height, 10 cm in diameter). The cylinders were filled with water at 23°C up to a height of 7.5 cm. Mice were placed into the cylinders, and their behavior was recorded over a 10-min test period. Data acquisition and analysis were performed automatically with Image PS software.
Contextual and cued fear conditioning test
Each mouse was placed in a test chamber (26 by 34 by 29 cm) and allowed to explore freely for 2 min. A 60-dB white noise, which served as the conditioned stimulus (CS), was presented for 30 s, followed by a mild (2 s, 0.5 mA) foot shock, which served as the unconditioned stimulus (US). Two more CS-US pairings were presented with an interstimulus interval of 2 min. Context testing was conducted in the same chamber one day after conditioning. Cued testing with altered context was performed in a triangular box (35 by 35 by 40 cm) made of white opaque Plexiglas and located in a different room one day after conditioning. Data acquisition, control of stimuli (tones and shocks), and data analysis were performed automatically with Image FZ software. Images were captured at the rate of 1 frame per second.
For each pair of successive frames, the area (number of pixels) corresponding to the movement of the mouse was measured. If this area was below a certain threshold (20 pixels), the behavior was judged as freezing. If the area equaled or exceeded the threshold, the behavior was considered nonfreezing. The optimal threshold (number of pixels) for judgment of freezing was based on evaluation of the behavior by human observation. Freezing that persisted for less than the defined time threshold (2 s) was not included in the analysis.
T-maze
The left-right discrimination test was performed in a white plastic T-maze (stem, 13 by 40 cm; arms, 11.5 by 20.5 cm; walls, 25 cm in height). Sliding doors separated the first 16 cm of the stem as the starting compartment, and the arms from the stem 4 cm from the intersection.
The end of each arm was equipped with a food dispenser for provision of the food reward.
After arm choice, the mouse could return to the starting compartment through a runway. A variety of fixed clues surrounded the apparatus. Mice were deprived of food until their body weight was reduced to 80 to 85% of the initial value. Before the first trial, they were subjected to three 10-min adaptation sessions, during which they were allowed to freely explore the T-maze with all doors open and both arms baited with food. Beginning on the day after the adaptation sessions, the mice were subjected to a left-right discrimination protocol for 9 days (one session consisting of 20 trials per day, with a cutoff time of 60 min). Each mouse was placed in the starting compartment, after which the door leading to the rest of the T-maze was opened and the mouse was able to freely choose either the right or left arm. If the mouse chose the correct arm, it consumed the food reward and was then allowed to return to the starting compartment. The correct arm was assigned to each mouse randomly. On the 6th day, the correct arm was switched for reversal learning.
Eight-arm radial maze test
Fully-automated eight-arm radial maze apparatuses (O'Hara & Co., Tokyo, Japan) were used.
The floor of the maze was made of white plastic, and the wall (25 cm high) consisted of transparent plastic. Each arm (9 x 40 cm) radiated from an octagonal central starting platform (perimeter 12 x 8 cm) like the spokes of a wheel. Identical food wells (1.4 cm deep and 1.4 cm in diameter) with pellet sensors were placed at the distal end of each arm. The pellets sensors were able to automatically record pellet intake by the mice. The maze was elevated 75 cm above the floor and placed in a dimly-lit room with several extra-maze cues. During the experiment, the maze was maintained in a constant orientation. One week before pretraining, animals were deprived of food until their body weight was reduced to 80% to 85% of the initial level. Pretraining started on the 8th day. Each mouse was placed in the central starting platform and allowed to explore and consume food pellets scattered on the whole maze for a 30-min period (one session per mouse). After completion of the initial pretraining, mice received another pretraining to take a food pellet from each food well after being placed at the distal end of each arm. A trial was finished after the mouse consumed the pellet. This was repeated eight times, using eight different arms, for each mouse. After these pretraining trials, actual maze acquisition trials were performed. In the spatial working memory task of the eight-arm radial maze, all eight arms were baited with food pellets. Mice were placed on the central platform and allowed to obtain all eight pellets within 25 min. A trial was terminated immediately after all eight pellets were consumed or 25 min had elapsed. An 'arm visit' was defined as traveling more than 5 cm from the central platform. The mice were confined at the center platform for 5 s after each arm choice. The animals went through one trial per day. For each trial, arm choice, latency to obtain all pellets, distance traveled, number of different arms chosen within the first eight choices, the number of arm revisited, and omission errors were automatically recorded. Data acquisition, control of guillotine doors, and data analysis were performed by Image RM software (see 'Image analysis').
The Barnes spatial navigation task
The Barnes task was performed on "dry land," a white circular surface, 
In vivo microdialysis
In vivo microdialysis was performed as described previously 56 . In brief, mice were anesthetized with sodium pentobarbital, and a guide cannula (AG-4; EICOM, Kyoto, Japan) was implanted into the nucleus accumbens (+1.1 mm anteroposterior and +1.0 mm mediolateral relative to the bregma and -4.0 mm dorsoventral relative to the dura, according to the atlas of Franklin and Paxinos) and was secured to the skull with stainless steel screws and dental acrylic cement. One day after the surgery, a dialysis probe (AI-4-1, 1-mm membrane length; EICOM) was inserted through the guide cannula and was perfused at a flow rate of 1 µl min -1 with artificial cerebrospinal fluid (148 mM NaCl, 2.7 mM KCl, 1.2 mM CaCl 2 , 0.85 mM MgCl 2 ). Sample collection was started after an equilibration period of 1 h. The outflow fractions were collected every 20 min. After collection of at least six baseline fractions, mice were treated with methamphetamine (1 mg kg -1 , i.p.) and sampling was continued for an additional 300 min. The amount of dopamine in the dialysis fractions was measured by HPLC on a 4.6 by 30 mm PP-ODS column (EICOM) that was maintained at 25°C and equipped with an electrochemical detection system (HTEC-500, EICOM) and PowerChrom (EICOM). The mobile phase comprised 0.1 M phosphate buffer (pH 6.0) containing 1% methanol, sodium decanesulfonic acid (500 mg l -1 ), and EDTA (disodium salt, 50 mg l -1 ) and was delivered at a flow rate of 0.5 ml min -1 . 
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